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L•rl^i>o 

1. mm^m 

(AUGa,_J,In,_,P5lB-a(tcf£L.0^x<1. 0^y^1(iy.T.AIGaInPjlB-B. 

pSAlGaInP>:7^^vFli<i:l^.^y^t>K^«>^=l^l::^*^^i^'^'^^^^°^S^^^*«^ 

^Z<tl::J:y.iSl^S<C>fi^^ll^t:'#^o*tc.ifi^-ei*.In,Ga,AI,__,N(t- 
t£L. O^x^l , 0<y^1 . x + y^1)^ffll^t:iB]«<D^:^;U-'XP«it^i^mL 

i5«J^li . AIGaInP^^^^^^i5iJI::ffiltl(*\ nMGaAs»^S±(::--i^°xe^^v 
^;U)$S^-|±'5)J^(^-^^ nMGaAs/^>3^TP. n^AIGalnP-^^^'^KM . AIGalnP 

pMAiGainP':7^'vKM^::<oiiiJ?icT^jlL, -jr^f^u-^^Pltit^^ft- 
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(MetalOrganic Vapor Phase Epitaxy : MOVPE;S) i^lSXt'^^^V-V^Uilfeft 
15 ;^(Liquid Phase Epitaxy : LPE54) d J: "-J J^J^fe^+l-l) o 

(^J;^l*. ITO (Indium Tin Oxide) i^B^ WI^bH) ^ s H S ® J: 3 ICff^ 

Jife-T'Sil^Tb^. mX^t'^mW■^ -2251 7 8-§-i^$g, 5l^S*$i^^$Bll5789768 

20 t:ihv. ±m(0^otj:mtftm=f-lztsi^Xlt. I^T^a®(::^MiS[a)7n>r-r> 

gP-^OjimA^^f^^L^o «f#rjl¥l -225178-§-^a;^$g(cF^^$tLfr^^b!|^^BjmM 

t}miftmmizmr^^'^\zmm^ti^omitmmBMm^mitmmmii<^mm\z-m 
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CD cfc 5 Pp^ ffl ^ ± i: ^ -r < ^i: ^ o 

h>tlfzm^m^^^zmm■r^mm.&^l^ltmmmmmri[^-^mm^lt^ooo 
:iJix^m=F^^ytm^-r^)it. m=Fm^'S:mmr^tzi^)(D-^0Rmttj:i)^^„ 
15 /<>h;:iJ^(i^SiE^c^it^«^#^tlTl^^A^ mm^mmr^t. m^i}hWLmp^<r>Wi 

-r < J^i: y . m T ^ ^ AMe T f I c o ^j: A< ^ o 

-/^>hjSjt^*3fe^£<®a^)f-L^<7^•vK^^|lJ(cK-/^°>hA<fi£SfeL■V>-r<^t^Pp^fi 

ttb^o ^ibiz. mi^m^w;.wi.m^f$.mts-&^iz{tmmm^mL. mn=b^<!i!>^iz 

tSh>lZ. <^BB¥1 -2251 7 8-§-^#fc-5l^(i$H:S«^i^^$gm57 897 68#(C^ 
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O jg T (3 it $S r -& Pp^ H Tb^ 'fe ^ o 

(Dmmi&iixit^M<^6:^j't^-r<. mm^m.mx{z^;bmifti0jm(Dis.Tt)mi-ft<tz<td: 

^:Liit^t>t^r>fzo m7L\t^Wi^^ -2251 7 8-§-^$R(C(i. InGaAsM<fcy^j:-§>m 

^m^ii^, iTomBnmwmo±mzn^-^-^^w^xm=?-m(Dit'^^^mwmt 
20 (t>L-V5-rL^fc46s %'sisL^^w.tti.^f^v\^(Dmmm^x\tm^t<^^\^x%'s^^ 

\z%WX^t^l^f^mt<thho 
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(m-^Bj) 

25 mm^iftLxmt^muizmi^mmms.^B\ii}u-r^<i^oizLtzmi^m^(Dm'ityjm 



^ ^ ^ - ^ ^ , I - ^ ffi (D m m r7 >r ^ it ^ -r X fi ««: , 

^ z (D iii )? I ^ r ft 3 - <!: ^ 4# ^ <t ^ ^ o 
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)iCDIl$l*0. 5)L<mUJL±3iL<mJJlT«!:-r'5)-<!:A^J;y^*l'*'^<' 

20 -r-i.C<^;b<M*LL^oC(Oii^. ^i^^A-'J T;JS<i:^i:^pMK-/'?>H<i:LTI*. III- 

i)tii^mtlbmntLX\ts (AI.Ga,_J,In,_,P(tct£L.0<x<1. O^y^l ;UIT. 
rAIGaInPJ^tlSm-r-5)XI*In.Ga,AI,__,N(0^x^1. 0<y<1. x + y^ 



8 

15 ^o''ycrr^^^mx\tm^(Dm.mmKii<mxL.ml'(omy3\^m&<D±m^B<o 

.i:lcoJEj:;t)1^o'^'Vva>lifl>K-/^>h;t^(i>9x io^^/cm^Ui±6x io^'/c 

^yk^ma>mm^n75.izm'^^)^>'^^m^<oWi^mt<n^^<xrt.-m'^it. %%mi^'p 
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* ( c g i6 ;i t Jb^' M * L U o 

mtLX. AIGaAs. GaP. GaAsP. AIGaAsP$-M^vT^#^ o >:7'>va>)S 
^^^!i(Dm«l^t^^l^GaAsfe^L^I*InGaAslcr1«fi£•r^^i^> AIGaAsPj^y^f 

fc^ o 

V-v;HS«;£(LPE>i). fc'i.^Mi/^^K7^KmffiJtfi^(Hyd^de Vapor Phase 
Epitaxial Growth Method : HVPE>i) (D t^^-H*^ . X li^tl^ ii" "-J ff^ 
RK-r'SC<!:*<T:-#i>o MOVPEj5fe(*iSp°pM(D^3t^SP3!)M#^-r<. flpt^* 

^6fi^i^^5x10-*Q■cm^:^T(D^-^MS^^<S<S:^^-^*^-e^'5)c^j:fc.ITOm@ 
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$15 ^ (D m EE En ffl m M t L r ffi t ^ If ^ . 5t 0) ^ ai L ^ (f ^j: I ^ fij o * . 

tli^Omitm^B^mmmit. <2>^(DM*@Jtfli;i, •^Jj^liMk^^^;* (chemical 
vapor deposition :CVD)fe-5L^(iX/^♦>^U>':7"-^E^^«^^i: (7)!|^S^^^£ 
(physical vapor deposition : PVD) . fc-i>t^^*^^^^^X t°^4=-i/-\'-;Ufi)c:g}i 
10 (molecular beam epitaxy : M BE) IZXBf^'^^^tii^X^^o M^lt. ITOHAi^Z 

nommmifmm'M:^y^^y^'j>'^^y.itM^mmiz^i)mm.x^. -^tz. ^^-^v-mitc 
miz<p^yiyB>mtmcmmm(D[^-/i:y\-^^mr^:itiii^^fdix&^o 
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10 m'i'(o^m.t><±ciz«ts:^) . mmm-kmo^mmrnKtm^mizmmr^^t^m 
mmizmm'r^:iti3<v^^o 

<'tj:'5ci:5l^;lSltA<ill^$HyrGaInP)l. AIGalnPJi. GaPP. GaAsPjf fe-S 
t N ( ± A I G a A s P Ji ( Z J:: y ^ -r C <!: t, rT «g <S o 

25 mt(j>f^\zm.^\zm\.^^n-u\%.^w^Wi'^'^ic\.f^\.^^<i>^'&m-^^^ 

l^o -IJlJ^li , m^m^lS^. ITOjmiJ;!)NP,In$*£tfe^-tJ-tcGaAs(zr^fig-r'S>ii^. 
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^•>V3>Ji^s InAs;lShkyA^it^fl<I'h^LMnyGai_yAs(^J^Ii\ O^y^O. 2) 

Jtixi^^m-^. mmm^m\t. 7t<>7'>f>y/^:/K<z)^tT^l^7!)^t»^^:^m-'mlt^3 
tL'^i:^^zi:Jb<3t»^^^J^¥IRI±<7)tlJ^S(cfcL^r(iM*Ll^o 'ijt-ox. m-mmzitm 

M m H A< S fl*) (:: Jf^ fig ^ r L ^ ^j: L ^ Z M * L I ^ o 
« ft£ «fe 5^ m ^ iS ^ I c m 4J£ li ^ » < fi£ L ^ (D i§ 3fe * I c L N 

T<Dm-mmztsi^xmmm'^m<Dr^f^^nmr%>^tx. ^to^i-mcomt^. -r 
tsit>-*bm-mm-^(Dm^s:^tdi^^mm\zmm.-r^:itij<x^^o mitmm. 
BMrnmrnoTmizmm^tixi^^oit. i^—hmK(ois.i^<7viy3>mx^^i3^i^. 

25 ||-Ml|lc-^i^lEILtc^^-e;jStti2.^t£m;it7^)<. oyiyaiyMff^xm-mmm^^^ 
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^^li. p«v-^7)i<i:m^^m^li<i:<^55l:^^iliML'ii:lt:i^l*^ ITOmaMC:!']^ 
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(*. AIAs<»:GaAs<»:(D;*lS-efcy . AIAs;*gSit^b,!:-r'5«»:. A\^Ga, _^ As tm.-^ 

a)/OK^-\"y:^x^.;u^— j:y AiGaAsd:yjEj:-g)'j>:^P'V'5'Ma)/OK^-w 

A<M*Ll^o ftli:^. it;S14fit^^#lSLr. A\GaAs^^}U^*):^yUv^m<r>A\A 

M:*:#LNii-8-|i. El8(Z:^-rJ:5lC. ^-^Iz^^/V^}^ (D^t<^)lz^i) ^ mmtS^^ 
20 ^^p|^il<7)Sf^ AE7!)<:*:#</d:y, n his taO^ii:*: (CO -So ^ct-, EI9 
lc^-rj;^lc, ±IB<Dcfcanj:4^rBlli^fiA-r>5«!:. a^ff^H i: 4^ Pel H . JSiU^m 

mt:i^izmr^<7yiyB>mt<D^iti'eHity<>i^^^mmi^t^n^^<tji^(Dx^ 

« H .h ''j: o T L ^ ^ a > Jl gp ^ /)N t> CD . I T o m ^ H ^ 0) ' J > tk jqi fiJ ^ ^ ^1 
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(C (± AIGa As (zr lii^f -5 Z it Tb^T'^ o 

M ^ 'V K 11 <D ± « ffi ^ a 3 ^ -I b it m M s ^ tn- L T 3t n ^5 1 3 ^ ^ ij!) « i± 

^ ^ b il a M ® <D m ^ f £ m ^ M fc i6 (7) ^ b ^ !^ # « y ^cC -5 « ^1 m ^ ^ 

^^^b!i^^B^««iMicmt-'S<*:-5(ciHa^tLr^fy. 

jS14^tm^m^M<!:(DrHllcii«-r^m-#«^^^'yK^^#CMb^ 
6 i/mJil±1 O jt/m*J||<!:^tLytCi:^f#^,»:-r'?>o 
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^mo<^o\zmm-r^jimt. 

mmitmmBMmmm±iz±mmco7t^>^^><f/i-jf^r^mr^jint. 
mmmmm±<D7r^iy^^iy'y'/^-j[^'izmm'y^^'^m^^^<i:oizLtzo ito^cd 



10 ^^ibH%>o 

^ii<^ciz«tj:^).'^^m{zi^-r^mmmm(Dmmtmm.^^xi^^^tt=b^m 

is.i^<Dxmp^y5\p\(Dmmmit'\^^i^f}^. ^^—\-^m(Ofb:^i^mitmmmmmm'^ 
^(D±izw^mLxis<ztx. m[^y5\p\(Dm^iWi%L^^it-\-^Aizmm.r^:itt<x 

25 A^-e^-So 
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y^l ;mTs rAIGaInPj<>:tl5i£-r'i))X(iIn,Ga,AI,_,_,N(0^x^1 , 0<y< 
1 , x + y^1 ;mT. rinGaAINj,l:=t,iB«-r'5))l^cj:''Js - ««M'i7^-> KH . S 

7n>¥^:y<fm^mi=^mit. m-*mM^^«vKp«b, 
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5 MtLX. AIGaAs. GaP. GaAsP, AIGaAsP^^J^-e^-So <7-yv3>Jl 

It. mi* M (Clio. 1 umiii±5 umiiXT\zm^^^:Ltt3^m.^Li^o -J^'^va^H 
<DJ1$A<0. 1 //m^5S-e(*. 7t<>T'^'>y{|ij##<*Jl(D±Jl7b<^SL-V>-r<'£j:y> 

10 ti<5 un^^mx^t. \^-/<>\-mfS.t)^s.<m^i^^xl^^tz6blzmmy5\^<Dmfi 
m^<mL. m^<Dm.mmtfim:kiz^^m^i^mis,T{z'Dtd:t)<^o ^tz. m.i^<pyiy 

1ST<!:=iXh(7)ii:^^*S^-Vb-rL^o •j7'>i/3>^ 0)11^ 1*0. 5 jum 1*1^3 //mmT<!: 

^ + :9'^tll^«!:-r'5)Z<i:-e. tifSfIi|lt7!)<;S14P (zS..S^Z<!:7^)<R^iJl pTtg-efe-g) o *tc, 

xmfS.x^^^ 
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5 mj$Hzm^-r ti)< mm Ll^o ff$25)^30nm$JS^'&<»:3feiRiR<7)j^#A<:^^<>£i: 

10 ^^aizfclNr. In,Ga,_,As(0<x^ 1 )<^:^^oTL^'5)C<^lCd:U. ^ M tS tit i£ M 

#^LfcGaAscfcy^j:'S«llt$^ll<!:^i:^C<i:A<T:#^o CCDii^. mmi^-^mO) 
15 15^^|BllCfclt^In;:i^^:?»J(i, ITO«filM7!)^t)Jl^F:^IRl(C3I^3{)^^(-OtL3i^^ 

'i^ I n ^ G a T _ ^ A s cfc y CD <!r 7^ -§) o 

m*sm^ll(iinGaAs^iEm:i:e^^v^;ujtft-r^:;^}4^^lifflLT^,J;LN<D-e 

20 m^mi^m<0:itltm-r^^^t<. AIGbAs, GaPfe^L^(iAIGaInP|cr«^3g^ 

inGaAs^mmj^\d ^^^^^ juf^^r ^m-^ titm.Lx . i^mxmm^(D ^i^m^ 

^LT. ^(7)GaAsJi±IClTO«Mjl^ff^fi)cLfr^, HftMS-T -5 C:<i: IC J: U . ITO 
25 «^]iA^'=>GaAsSl3In^ij£tfe^-t±rmatS^Ji<i:-r'5>o C(D J:5lcf|ft^SLr# 
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In;ut^^^7^l^'is^3tilSP«|J■e/^$<^j:-^•rt^m*^ ntftm^toii^^^^mt^m 
t. m^5(o®\z7jk■t^vlz^ mm^'^mp^(Dinmf^^<^s.-r^:it\z'Dtjit<^)o 

15 C(Z)ii^, mi 5(Cfcl^r, mMm^HO. ITOS^Ji<!:(7)J^^{4e(::fc(t'5ln 
;"llt^CA«l:L. ^l^t^^mom^jSi^lZ^lf ^ln^m^C^tLfzt^. Cb/C^ 
Tb^O. 8JilT<!:^i:'g)J:aicii^-r-|,C<i:7b<M*L<. i^ff^S<DIn;l^^^^ AMf'^t^.'S 

^^mmz^^ntftmUta>m^m'^^ikm^§^t)<-^^lzmi^^tj:<tj::^, Tjjrfc, 

20 m*Slf-&M(DJl^:^ IS] (DJmfi)c^^^(Infei>lN(iGa;"lJt 5^-^)1*. ^^I*^^IrI(C 
^/t7|CX':;5^>yL^CA^?)s —;:);-r:^>MM:^'^ ffi^ (Secondary Ion Mass 
Spectroscopy : SIMS) . 5l- — vxWT^''3t^^}f (Auger Electron 
Spectroscopy) , X^3t^-?-^3t (X-ray Photoelectron Spectroscopy : XPS ) 
if (7) il *a (7) S S ^ff :^ ;4 1 c J; y ii] ^ ^ ^ Z A< ^ o 

25 mmi^'^m<DiTommmt<Dm^jB.i^iz^n^in)Bi§.it. intGat<D-^timm. 



10 



15 



20 



25 
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GaAsji±i^j^/tL. ^i^[z:i^^miEtjii^f^mmizxmmmr^:^t\zj:i).±ti 

±mn^WL<ommmt. 6oo°c\ii±75o°c]iiTizxntj:o:ittm^Li^o m 
m^m^(oinmmi3<m^\tfj:^)'^-^<^<i^^o^fz.in^mfim^Lx.mmi^^m 

:y^m^mwmt(D^=i-m'^t^mitr^:it[z'Dtj:t<^o ^tz. GaAsH-^tDirK?) 
w;,m<mmizm^r^^t.mm^^mt(Dmmuit^i^xiTommm(D\ni^'^ 

iejLr^ii;ai::^j:yT^^<!:.iTO(DM^A^GaAsM--i}£^L-^^^k/)^<Sji$*i.m 

tji^T^M:-^\z'Dt^t<^o ^tc. mmmi^mtmmzm<tji^t.iTommm<omm 
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t ^ r « *i ^ s > t'V > ':7"' #1 ^ S 11 ^ (7) K — / > h ti£ ift « M fi^ I ^ is ii 
$ tt -r < ^ c <h & y . « M f i ^ 11 K - / > h « II 1 3 tt >i -r ^ li ^ /)^" & 

* ^ ^ -r 37 0) IS T ^ *S < - <!: C: Jti: o 

^ 7tt > ^ ^' > -if i|ij 4^ ^ )1 J: y 4, / N* > K ^ A- 3^ X ; U df^ — / J N ^ I ^ (D ^ fi^ ffl -r -S 
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^ztij^m^Ll^o zcDli^s 7t-^>f^-1'>^fi|j¥S^*)i<!:«)m^<||Jlcfcl^r«Mm 

tt<fc''J^>/<>K^>^y^x:^;^^^-^D:*^$L^4^«**:.i:Lr. •l^ij^l* AI^Ga^ _,As (O 

IS <fc y % / N* > K ^ A' 3^ X :^ ; U Jf^ - 7b< ^ < -5 .fc 3 1 S a it ^ ^ tL G a I n P 

Ji. AIGalnPH. GaPH. GaAs PH I* AIGa AsPH J; LJ flUS-T -SC .t 

InAs;S^i;by3b<hk^6<J'h^tMn,Gai_yAs(i5lJ^(*. O^y^O. 2) lcr1tJ*-r-S 



25 

10 -^m^^^mmtLX. AIGaAsH. GalnPHSl^AIGalnPlK/^ 

> K ^ ^ 3^ X ;^ ; U - A< <7 ^ K M cfc y $ < 'Jf -5) ^ ( ^ ^ fiJt P ^ $ H ) CD 

jfi^m-^i^^ ^mm(o'^m't^<o<p-j^yB>mizm^^^tx^ ^mm^^^^izm-r 
tits. mm.^^'^M'^MitmM^Mmmm(Dm=f-m^(D^'^m±m'^^m-t^^o 
mco^m^^ii^^^^^^^^^ mmm.i^ui.^xitmtfttmmmzm^L'^rK 

m^^. m^<o±m^iz^^)m^fzitmt:i^oo z0^zf\zmf$.T^t. m-^^^izts 
25 m-im^^^Lxm-m^izAn^f^'^t^:^t<ti^).tftmihi^)im^xm\z-m 



26 

-I b ^ !|^ i^i ^ H J; y 4, IS t N ' J > 7^ P ^ H «!: f o 
•r <»: 5 1^ L ^ 3t ^ ^ l:: t^ -C, 
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> fl) # ;^ ^ g > ^ b ^ ¥ # )1 cfc y 4» ^£ L ^ ' J > ^ P ^ 11 ^ H Z <!: ^ Jt# ^ 

mm-^mtmLxi^^^'^AtiK GaPtjiiio'j^'^^mLtzit'^'^^mwizxmf^^ 
T I T o m ^ n 0) ^ ^ AMft T -r ^ - i: # ^ t> ^ o 



28 

T^^P^y-^Hlis A^*fi*llCliAIGaAs(Z-C^«J*■r'5::<5:A<M*LL^o AIGaAscfcy^Ci) 

'j>^ P'v<7jl(7)/'\>K^A'*v:^x^>;u^— (i, o. i eVJiL±(*:^^<-r'i>-^*^M* 

Ll^o ^blc, AIGaAscfcyni:'&'J>^ P'><7li<^AIAs;lHlJ:bb(*, O. SSlUTCDtB 



29 

^jy^nyC'mtLx^b^mr^to^tLxmmLxisnit. *)>^mit^m^mw 

H ^ ^j: o T I ^ > 1' > 'i?" #1 ^ * ^ I* ^ ^ ^ ^ ^ ''" ° " ^ ^ ^ *^ ^ *^ 

idi§^tmmizmf&^^^o i^ci. mtftrnm^MGainPUxmrn^^^m-^ ^ etc: 

\^momitmmmmmmm\zmLxwim.^^^ m-mmm<p^yfmt\tmt^^m 
m(oit'^m^mw\z^^)*)>^o-j<7mtLxmj$.^^tz^mt^^^mwmtt^ 

^ 6*1 ( ^ I i A I G a A s I C -C ffi -r -i) ^ «i: "^^ ^ o 
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30 

^ o 

{■fit. m^(oumm^^^m.x^^o mwm\z\t. m-»«M^7->KMA<AiGai 
20 (mnfiB^) 

it^^^mi^mt-i^ta^^tftmut.nm^muizmtftmmm&^wmir^fz 

^■\t^mx^^)iii-r<iio\zLtz^tftm=f-iztsi^x. 
m^m^tmitmm.mmmmt<Dfi[\z.mitmmmmmm<om^mi^^^r^ 



25 



31 

^mm^^^tiz^^).m^±W(j^tft^iii^^'^'^^^^^^^'^'^^'' 
^tzs m=^miz^i^xit. mm^'^mtmi^m^t<Dr^\z. M^-^mLtzit^ 

i3^^mxw.m^^. mmm^ma>^mf$.mmzni^x. mA\^mi^^m<D 
mtm^Bnmmmm<Dm.m.mwzA\3kmmm'^M^R^\zm'f&Lfz. z^iz^^j. 
mmm-^mo^^mm^mz^i^xit.mitmmBMmmmt^i^oym^mi^t^M^ 
mmm\z^^)mm^ti. mmm^m<r>mmmmzmiftmwim^^m^x^ht^ih. 
25 mm^i'^m(Dumm\zmcxmtftm^m[^omm(ommzm^'^i0immz^ 



32 

tats. Ai#^^^isi^*5i^T. mmm^m(Dmm$m\z^i^rmmm^mt\^ 

mitsmmm^m(Dtmm$wmztii^x.A\^mit^^^mwm<Dmm^(o^ 
^^'ibLytii^(3#t,Hi>o m:f5. mmm^m0^mmmm^z^il^xA\^m1ff^ 
m(o±m<A\^^mmtt6:'oxi^xt^i^o zcommt. mmm^mom^^^ 
^l!t(^fcL^-c. A\^mit'^m^mitm(o±w^mitLfzm^i:^ni^ti. ^^i^ai^w 

mmm'^mitit'^m^mwxit^mi:^xm^x^^o nizit^^^^i^^^^-^^^^ 

m-^m{:^xmt>tiii^(oxhHit. mmm'Bm<otmf^iMmzisi^xt^^ihi3<-5i 
mttdi^o zom-^. mtft^<D^^^±m\zxm.^^'^m^mf^ri>:^t^x^ho 

tsi^x^mx^^o 

ntftmu[t.A\GainP{z^i).m-mmm<?^-jfm.7^^mRxsm-mmm<P 
^v\^mt<z(Dmmizxmm^tifz^^)i'^^omi^t:mr^t(DtLxmmx^ 
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10 ;!)^ ^IJ^tB^J]^[S]±(7)ISJ^(::fca^r(*M*Ll^o tJfeoT. H-^JlKCKim^JS ^ 

ztt<m^n,^ot^tz. mm^^miz^^tftM^nmLx%^thLidimt:Misb^ 

15 i)ih-rm.t<^i^m-mmi'o^^)>tft^iiivm)izi6i^x<i.-u<tt. nmm^mo) 
mf$.mmt$mmmmtt<M^Lxtdi^^tt<mi^Li^o ^(om^^. ±tEmmm 
^m(Dtmf&nm<D'^i^izi5[,^xA\^mmmt<Mm^^xi^h:itt<. m^mwi 

mcom*-) . ^^mmi^xh^n-$mizm^m'^m(D^^m$Mmttmm^mt^ 
i^-f^xmMLxt<i^i^o 



34 

J; y =t, ^6 1 ^ ' J > :^ P 'i? H ^ -r :i A< » * L I ^ o 

jt$Htl^'5)li^.ITommli<z)Tfi'Jl::'^ia■r'5##^*M<D5*..ITo«®Ji(D3fi 

P «>: (D S « *M6 T L ^ -ri^ - .i: j5)^~ *J 0^ I- ^- o 

^®iaL3ti:ltti(*. lTOSm)i(::fia-ri>C<!:A<-r#^j:<^i:^o ^(D^^. iTom^ 
25 -So 
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LtNo ^tz. 'J>7f P'V^jl(±. S{*fl*I(C(*AIGaAs(ZTfi|fi)cf ^^^A^M*Lt^o A 
lGaAsci;y^cj:'g)'J>:^P«:/<7li(7)/^>K^>'v^x:^;uaf-(±.ft^gr'=fcO. leVIJl 
±(i:^#<-r-5c:«!:3b^M*Ll^o ^h>{z^ AIGaAscJ:y^f'S>'J>3^P':/'i7)i(DAIAs;l 
5 ^tkbli, O. 851slT<DiiSffl-e!S3S-r'5^<!:A^M*Lt^o 

±30nmmTI::iSS-r'5)-<i:A<M*LL^o m^t<30nm^m^^ttft^i\!L(D^m 

15 ^m^^m^fimmttji^) . m-^m^umi^^i3^-\-'^i^'^^^^d^<^<i^^o ^tz. it 

■B^mizisl^X. in,Ga,_,As(0<x^1 )<^^^:o-Cl^'5)C,^lcJ:^J. ^ftfeffimiSM 
1di^^^\Zmit)^^tt<X^^o (AUGa,_J,In,_,P(fcf£L. O^x^l , O^y^ 

^)lzJ:^)mtftm^mm■t^m^. GaAsM^iTommmtrnt^^^izm^i^^ 

(D^. fSi^KlS^fT<f5:i<i:l^<i:y . ITOm®MA^t>GaAsP(Zln^J£tfc$-y:T, In^ 

25 #:^LfrGaAscfcy^j:^m^lti^li<i:''c*:-rctA<-e#'5)o 
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m-mt. mm-mti^'^mtomz^sLm.-t^^-mt^m-^^^<j^t\.'^m^x 

ii£ S H 1^ t- IT O m S H a> ^ ^ 5^ )t ^ [S] ± ^ it - ^ "C* # o 
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m\t'k^^m\^mtLxm^^^xi^^\ztt'^fi^^i^-f.^)>yo--^'pm<oi^mz^ 

%^mtr^^tii<x^^o^^>^^:^'fm^mi^mtmm^^mt<Dy<^>mT-m 

mmmt<^m^^x.is.i^mmm&izx-\-^A\zMi-ntft^^f^^^^j&^^^tt'^ 

^ttii^.tj:^.:$i^mmiz:^i^xmmm'^mit^^>^^><^^^^'^^^^^-^^^^ 
4" reiii I* > > -if «ii ¥ s n 1^ M -r t (D L r ^ a -r o 
■eu-c, m^mm^^):yyo^:j<?mtLx^mm-r%>t<DtLxmm.Lx^\-nt. u 

f^^^^m^. mzm7r:Ltz^Nim(Di^na)^^. *j>z;uv<;mtLx^nmut 

(DliAIGaAs-Cfc-So 
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^ o 

K<tLX. AIGaAs. GaP. GaAsP. AlGaAsP^i^l . ^fc. V3>P 



I 
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g 0 ' J > !)£ ^ ffl *1 ^ ' * ® '''f < ^ ^ ^ '^^ ^ ^ ° 

^pts<tt-y5<D±mmz.A\^mmmi3^^mm<o-^mm^fsi^r^x'M^^\z 
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±uo>i5}i\z^^t.it'^m^mwm<DmmwzA\^mit^^^mwmtA\t^ 
^:^it^(^^mwmt^mmmf$.L.A\^mit^m^Fmwm^:^-j^^\-'y^mt 

-r?#-§)o ■rtiit>ib.A\^mit'^m^mwm(j)^i^--:^<f:iin\zxAmmmm^ 
mm\zmf^x^^<ovmm^x^^om^it. A\^mit^^^mi^mt<A\GaAs 

Ir-fcy. AI|^#^1b^!^¥»i*)lJt)^GaAsT:fe^ii^. Ty=E-Tymmit7\^m 

AIGaAslC^-r'S)GaAs(DS«^X«>T><7'14l:i 

mti. t-^'DAmitm^^)ti:^A\^mmm'^mmt^':>^mzr^f^xt^o>Xs m= 
mmizu^^xh^o 

13281*. m2A[zm<nmmo 
mzc[t. m2.Bizm<m^Mmo 

lasAii. m2Dizm<ti^^^Mo 

|ll3B(i, El3A(cM<ljiB^So 
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1|3C(^. |l|3BlCj^<i$i^g]o 
@3DI^. ll3C(C^<|jiB^llo 
glSEli. |il3D|Z3^<i5iB^lllo 

melt. o^yiy3>m(om—(Di^mii^mmo 

1191*. ^mm^^^f^r^m^oy. mmi^-^mo/Oh^ni^cDm'^Tr^rm^mo 
Ell oii, *)>ynv<pm(Dm-(omf^m'^7^'t^^mo 

mi 51*. mmt^'^m^<oin^m.^^(o-m'S:^^^izyj^-tmo 
mo 

m2i (*. *)>zfny<7m(r>mE.<Dmmm^7r:-ri^^mo 

m22(i . 'J>3?'P'><7)lCDl|E3(7)1^iJ5)c0iJ^^'f *Iitmo 
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I126BI*. gl26Alc3gg<iJiB^llo 

lil26D(i. m26C{zm<n^MMo 

10 111301*, :$:m^M(o%itm^o)m = m'^m^mmmit{zx7rs^m^mo 

15 Ell (*. m-nm<D-mmw^mx^^^^m^'ioo^7r^tn-^mx^^o mtft 

^^1001*. ni!^GaAsms^H^»*R(^UT.ml::^»«RJ<!:t^^^)7<D-:^<D^:^ 

m±\Z. ni^GaAs/^v:7Tli2^^LTAIGaInP.fcy^j:'S|g3tlia524^}f^figL, 
20 tt^^gpizl*. AuH lCT=ltfie$Hfc7t-C>T^.r>^/^vK9A<iBa^tl. ZZlCAuHT^ 
ll5t)iSP24l*. (AI,Ga,_J,In,_,PjlH^B<!:$n^<i:t*,lC. %-mmm^=y 
,j^y^K-3f(AUGa,_,),In,_,P(/cf£L.0^x^0. 55. O. 45^y^0. 55) 
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':/va>@20<|iJlCpMAIGaInP'i7^-yK)l6(pliK — /Oh(iZn::^^^M5)"^A^ 
t,<DCt,pMK — /^>h^LT^4-L^-5)A^ IBa^tLTfcy. «® Willi 1 5<|iJICnM 

5 AIGaInP-^^•vKji4(nMK-/^>K(*Si)7b<iEe^tLTt^'5e ^Cfc. 

^ ( i5ij ^ I* 1 0 ^ ^ ~ 1 o ^ « / c m =^ IS It ^ ± K <»: -r ) ^ ^ -r % <7) -e I i t N „ 

p^AIGaInP<7^-vKP6(*, pi2^-V'j TllS ( ^ ^^A'U Ti^ Jt ) (* > 5 x 1 ^ 

JnLfcAIGaAsliJ:yj£f:y. pS^-^UTiiJSli^ 4x lO^^/^cm^^m^Qx 10^^/ 
cm^KlT. M*L<(*1 X lO^'/cm^Klie x 1 '/cm^ JilT 0) tSH If > pM 
AIGaInP^^«>KIl6j:y t^jN^<iS^^Ht:i^'So i^':7^VV3>)i20(Djl$(*0. 1 
15 jUmm±5/imJiJLTs M*L<liO. 5 iUmJiJl±3 jUmlilTTfe'So pl^AIG 

alnP'j7^'vKji6«!:<7-vva>IS20^<D^t1-Jl^(*0. eit/mmiCiJiJ^lS-i^^vva^ 

11:0. 1jt/m.'j7^*:/F]l:0. 5 A<m) 1 O flm^MXtb^o 
HIT. ^1 OO(DMjt:^;il^OL^-Ci5i0J-r>5)o 

^-r, GaAsm3|Sga»*57lC. nSGaAs/^V^'TPa^. ^Xl^VmtftmUZ4 tL 
20 r s nMAIGaInP^^-vKM4, AIGaIn PJSItli 5 . &t/pMAIGaInP^^-vKJi6 
#PJ . ^»b(^AIGaAs<}:«'J''cj:'l)':7'y'>a>^20^C(7>)li)?lCXe^^v-V 

^MfvfflXbf ^^V-V;UJ?KS(Metalorganic Vapor Phase Epitaxy : MOVPE) }£ 
IZ ^tj:^ :itit)^ V^^o Ga. In. PRXSAsO^M'^MttH^Wil^iSXtLX 

■Alill**X; h'j^5^;UT;U5-'t7A(TMAI). h 'J X5^;UT;US-'t7 A (TEAI) Jjj:<!f ; 
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• Ga;Jl**X ; h 'J ;U:tf 'J 't? A (TM Ga) . K 'J ;U:tf 'J A (TEGa ) /d: if : 
■In3g**;^:h'J<>t5^;U-l'>V'!7A(TMIn). Kgx5^;U-r>i>'!7 A(TEIn)^j:i: » 

(PH3)^»:<»fo 

5 •As;Jg:«^X:-$i — v-v;U3f5^;UT;Uv>(TBA). 7;Uv>(AsH3)^i:i:o 
(pMK— 

■ M g 3S : e X -J? P ^ > X ^ ; U V -Jf 4-- V O A ( C p 2 M g ) <i: „ 

• Z n ;1S : V y ^ ; U ffi ( D M Z n ) . V X ^ ; U ffi fpM D E Z n ) ^j: d: o 

10 (nMK— /-^^h) 

> h X fl) It ^ I:: cfe y . m M CO fit (3 in S ^ ^ - <!: A< # -5) o 

lc03B(z^-rd:ai::^Vv>y®(7>i]nx^^p'-tl-X':/^>':7*(c<);i'J^^L/i^> HI 

3cic^-rx^^-<e>'5^(cj:yiii5fem^5^'>3^5i iz^i-sst^tLi.o -^-l-c, msoiz 
^■r <fe3i3. 5(1111 #fiS)^Ag^—;?.hii(7)*mtt^—xK^ffltNT 
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(DtzOb. %t^mm^mf^Lfzt^{Z. -^-vva^li 203!)^P,pMAIGaInP<7^•>K)l6 

!^-&li3i^J^mLT33<zt3!»<, ^^k!t^MB^m«M30(DmMt&fii^1£M-r^±-e 

M*LL^o iS«Mm^^3H*, Zttt}^-r^'^'yi>3>^20A«AIGaAslcrflifiK$ 
X 1 0^^/cm='fi^)ig^^tiri^'5o 
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^^■^m3A^&]Bir^f^^t(n>2m^)(Di^m\zxTfsi^)ih^nho :l<J>o%. 

mlf^~lCK7r^■t^r>K.mm^^m3^(Dr^f&im\t.mt^'Mmnmm3o 
(om'^^m\^ni^xi^mY(^^-r^:Lt\^^^)^n%mu2.AKn\-fh^%'^^^)^ 

^ogi7A(*mMm^)i3i(Df^j«MJiit^fi^=yt^ufc{5ij-efcy, E7B(i*iesi^^ 
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iifi£Lfr'^'yva>)i2o«>:i5]c-efe'5:*fc. m<Dm^tm^ (Dm^m^t^mizm 

flft5aSB#lc. GaPj:y''d:'S)^'VV3>)f 20A^f). m^^^HS 1 ^^SriTOlEMJi3 
OlC'J>;!)<S£tl[L. ITOm#ll3O0m^im#Ji31 ^(D^^^iSAMST-r-SpTHg 

^:7^-|Zj:-i)/"?^-^>y^S-V;>, ll3A(Z)XS<0/N-37a<''rv>^s ^t>(Z(i^3 

-e^-e. mi Olc^-r cfcdl^. GaPj;y^j:-5^->v3>P20<i:mMfS^jl3l <!:(7)Fh1 
ic. '|5iJ;^l**AIGaAsJ:y^i:^U>3^P*v^P32^:n'#L-Cfc<^. -Jz-y v^>P20;b^ 
^>ITO1tM)i30-^(7)'>l>(7)fi£iiC^5a]^6*](^ffltil-r^-<!:A^'t:-^. ^tr. AIGalnP 
.15 ^i)td:^^tftm^t^i^<Dntfttft^<DMi,^ClZ<l^o C<7)ii^. 'J >3?' P ^ 11 3 
2(iAIGaAs(ZTflim^*L-i»C^T?. H&M&O) * FbI M ( ^ 9#BS ) i: LT <Z)^tg=t ^fc 
-To ^j:*5. □'>'>)i32t«S^^P31 <!:<D-&f+ll^(*. 20nmUl±<!:f -S- 

^ffc. mi 1 '^«>v3>P20;b<AIGaAs.*:<'J^i:'i)ii^ CTJiftP*). HI 

mL. •C7'>v3>)l20 7b^f>ITO«^lS30^<D'J><Dfi£ifeA^^%i^*»^C'^(^^. 
':7'>V3>ji20(*Jt^6*]J*t^(7)■e, AIGalnP J:^ ^C'&'i7^':/K)l6 A^i^fD'J^SStjtt. 

i^=&)i(pM'i7^'vKli6. ;S14Ji5Z^i;nM^^^>K)l4)^AIGaInN;lg(:icfcyj^ 
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Wilt. GaAsmsisssttiic-i-t^r . mTiitsic^wit^^m^ti^o 

(mmm) 

Lc o 

•ITOm*©ll30 = Jl^:0. 8)t/m(^'fb$§#^m = 7Ma%(?^$P(i^^b>r>V't7 

•InGaAs^:^}^ -^1131 

10 m^: 5nm(fct£L. 7tt>T'-<>>f /^y KETfimcD^ff^J^g-y-^) . pMK — /■?>h<i: 

■AIGaAs'i7*yv3>)l20 

Zn(p^K — /^>h);TiJt : 1 X 1 0^'/cm3~1 x 1 O'^/cm^ 

15^:0 Um. O. ljUm.O. 5//m^1.5 jum^ 3 jum^ 5 jum^ 1 O jUm ; 
. 15 ■pMAIGaInP'^^':/Kll6 

Zn(pMK — /^>h);s^:3x 10''/cm^~7 x 10^ '/cm^ 

J1$:0. 5jC/m; 
■AIGaInP;S 14)15 

y^K — i¥^:0. 6 A<m(f|^;Jg?:g650nm) : 
20 ■nMAIGaInP<7^':/KP4 

Si(nMK — /^>h);lS:5x 10^ ^/cm^ Jl^ : 1 jUrrio 

<f/^-jf9ltAumX&^J. ^mltm.m^OO Urr^(OF]^X^^. iZCD/tOT^^^-Jf /-? 
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• lli :^ [S] m l± ( V p : ii m m Sit M ^ 2 O m A <!: L ) o 
ibtzo 

*1 lis pi2':7^-:;KJl6(DJ1^^0. ^':/ v3 >^ 20(7) Jl^^ 1 jum<!:L. 

m^Ltz^^§^^7^:■ti,<DX^^o 
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$0. 5 Aim (ZiS^-r -5-:^. '5"y->3>^20<7)Zn(pMK — /^>h);sJt^3 x 1 
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S±(::. niyGaAs/'V«>37T)i2$:n-LTAIGaInPj;y^i:^^pfeJi$P24^ff^fiJtL. 

mn%mu2.A^m.o^o[z. pmo^p^i^B^mzot. mit^mBMmmmtLxoi 

u - G e - N i ^ # H <D # M ^) « S m M H 1 5 ± ® ( C }^ fig $ T I ^ -5 o 
^3tjiS|524;RU:^*>V3>M20(7)«fi£(i. Ell (Zpli:-T?fc-g,o 

HIT. m^2(D%%m=^'2oocommiyJ)Hz'Dl^xmm^^o 

. 15 i§3t]iai24. ^'VS^a>ll20&i;iTOmMli30(*. |lI2A~^3E$ffll^-Cgl(C 

/'v>h;mS(i> 5 X 1 O^^/cm^mJil X 1 O^^/cm^^j-^-efeLJ. /jt > T^V > ^" i|iJ 
¥«i*ji60±i*-emfcli^. 4 X 1 0'^Xcm^]ii±^ X 1 0^«/cm^7|^iSa>lBH 
(C]|X*oTL^-5o 

20 ^tc. Ell 2lC^-rci:5(C. lTOm^m30t<7^yiy3:ym20t(DN[lZlt. ITOM^ 

msott^r^rnxmrnm-^ms^^mmL. ijommmsotomm^&m.'^is.mr 
t^^fzit'^m^mi^mxm^).m^it^X(Dj:'?izLxmm-r^:iti3^x^^o -rta 

tP*>. mi 2(7)'>'yi/3>Jl20±|CGaAslS$ff$iSLT. ICdH^ITOm^H 30 
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0ANbGaAsiiicin;b<ftEf[L.mmit^ii3i m^ 2) t^m^tiho mmmm\z^i) 
LM7^)<^l^m-Mll!clc<D^^^lfl^fi*ll::ff^JS^^•r^^^o mi 3i^:^-r iToa 

i$ $1 m «t IM^ J* ^HDc <i: ^ ;1 ^ ^ -t^ ^ - «!= "^^ ^ ° 

^ -a- n 3 1 (D jt $1 0) ® tb m ^ 1 o % iji ± ( 1 0 o % ^ t; ) t -r - i: M * L t ^ o 



aj L ^ ¥ ^ (S] ± ^ # H ^ I ^ t ^ T M * L I ^ o 
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3^ tpm.A\GBlnP<7=7y\^met(DmiZlt. AIGaAsP. GaInP)i&t;AIGaInP 

)1 ( / K ^ A' 'V :i: u ^ — -J? 7 K M y ' J ^ ^ < ^tc <fc -5 M P S $ tL fc ^ 

m^ 2.<Dm^m=f-l:^iSl^X=b. -^'^va^liZOliAIGaAslCft^-CGaPlC 

mi 9(C:^-r«fc3(C, GaP.*:y^t'i)^'VV3>li20<!rm^^^^31 ^(DIBIIC. ijlj^ 
I i A I G a A s <i: y T'd: -S) ' J > :^ P 'V ^ H 3 2 ^ L -C < Z ,i: 7t)< t! ^ o 
15 tditS. mZOlZT^r^OlZ. /7-vv3>li20A<AIGaAs<i:y^f^ii^Cr'it*5*.. ^ 

i^H^Ls ':7«yv3>Ii207!)^bITO®M)l30^(DUXDi3£^A^^4j^=t^Ci*(^^- 
'j7'VV3>li20liit$jifi*ll*t'^a)T?. A\Ga\nP<i:^)Uh<7'yv\^M6ti^h>(D')ly^^'b 

^i:(c<L>) s ':7•vva>)l20,!:li»Jlcg>:5^P'v^P^i9:lt'i)ie^^^*^^t^A^^. 
20 xiit,^iiiS<br'#'5o 

Jjffc. mi 9Jii;ill20irfctN-C(i. GaP^^:t^LAIGaAsJ:y^d:'5)'^7•:/V^>M20 

21 3ti;m22(z^-r z;KP,'^'yi/3>li20a)f^*:)y l::. <7'yiya:^mzotm 
mf^Om-^^^Lfz. GaP)ti:t^LAIGaAs«fcy JEf -SmSSftStftIf 21 ^iSlt'SZit^fe.-e 



55 

2 ^ A I G a A s y ^j: -5) ' j > P 'V <7 H <i: L T It J$ ^ C «t 4, ^ o 
Jil±(D|IJifeff^St(i.fl^M^24(D#)l$-AIGaInP;lB^Hlcrff^J«LTt^tc*^ 

i^^JKpM-^^'^KIie. jS14)i5;Ri;nM'l7^^yKli4)^AIGaInN;g^l^J;''Jff^ 

^S7li, GaAsm5^B^B*l5l::'ltK.r. ^5iJ^li*SiC»1fiA<<^ ffl$tli>o 
(USSiJlJ) 

15 GaAs^^LTJ^fifeL. pMK-/'?>h.hL-C<DZn^. F HiS^ 1 x 1 O^^ 

■AIGaAs<7*VV3>)i20($afi£: Alo, 7Gao. sAs) 

20 m-^ -.Oum^ O. 1 /im. O. 5 jum. 1 . 5 jUm . 3 jt/m . 5 //m . 1 O /im ; 
•pMAIGaInP':7^->KIi6 (Alo ss^ao , 5) o. sirio 5P) 
Zn(pSK-/^>h);m^:3x 10^^/cm^-7 x lO^'/cm^ 

: O. 5 jum ; 

•AIGaInP;S11)i5(^fi£: (Alo. zsGao 75)0. sino. 5P) 
25 — ]1$:0. 6 A/m(fl3fe;J^*600nm) : 

•nMAIGaInP<7^'yKli4(3iSfi£ : (AIq. asGao. 15)0. s^no. 5P) 
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Si(nMK-/^>H)/slS:5x 10'^/cm\ : 1 /imo 



■fl3ti!i^(Iv:amm3iEfii^20mA<!:Ltc) ; 
■ 111 :^ IPl m E ( V p : a « « jJS ffi ^ 2 O m A L ) o 



«3I±. pi!i'i;7»yKP6(DZn(pMK-/^>h);s^^5 x 10^'/cm\ H^^o. 



XfLtzo 



ibfzo 
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5 ii:*;(cJ:y)lS:^|plml±J^)^±^LTt^'§>Ct/)^t5A^'5o 
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a4 







m^y^y (%) 


1 X 10'' 


100 


2X10'' 
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3X10'' 


100 


7 X 10'^ 


90 




— ^■^>'b^i-^:5X107cm' 






m^y-(y (%) 


1 X 10" 


100 


3X10" 
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5X10" 
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1 X 10'^ 
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w^>-h^i^:7X10'W 






m^y^y (%) 
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ZOm^lZ^^t. 'j7'yi/3>)i20(DZn(pMK— /^>h) jilt ^pM<7^'VKjl6t 
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®±|C. nMGaAs/^v37TP2^^LrAIGaInP<^y^<j:'5^3feliS|524^mmL. 
TOmMli30«»:^ca)|lliJ?-ef^J?)cLfc=t(DT;fe'i)o ^^l::. ITOm*lli30(Dl5(S4' 

^gpizli. Aul|i::-CfllJ?e^tifc7t^>7^'r>':7*/'v-:/K9;!)<isa^;h.. zci::Au^i:1i 

. 15 fi3tP$P24(Diiifife(i. m iiif^ic-efe'So 

<7'VV3>^20(i, :*:||Jt5}^S-e(*Zn^p^K-/"?>h<!:Lr^JlDLf-AIG 
aAsIS(AI#^^«li:#>J^I**AI,Ga^_.As(Zfcl^-C. x = 0. 7 fi^ ) cfe ^ U , P 
^\^ — ,\:^^^mt. 4 X 1 O^^/cm^'miQ X 1 O^'/cm^mT. M^L<(*9 x 1 
0'®/cm3K-l±6 X 10'^/cm^JJJlT(7>|Qffll^-e. pSi AIGaIn P^^'V K H 6 cfc "-J 
20 /jN$<iS^$HTLN-S)o i^^'VV3>M20<7)ll^t2liO. 1 //mJa±5 /imiJXT, M 
*L<liO. 5 /imJiL±3/imlUT-efe'i)o pMAIGaInP'i77'yKli6<!:<7'VVa>P2 
0«!:li7t-x>T^'f>'i:^Ml'J¥«<*)i60^^ijSL. ^CDJ^^tl (O^U . pMAIGalnP^^ 
'VKHeil^'y V3>)l20i:<D-a I+J?^) 1*0. 6 jum Ja.±1 O //m^jSS'C&'&o 
ITOm4iM30<i:'i7-yv3>)l 20^(7) FbIIcI*. ITOflMlf 30t (D^ftlllSt/C^iSjl^ 

25 -r^«^^J^^ii3i ITom^^li3o<h:fi^'i)ff^■ei^B^n-cL^'5)o 

1131 li. \TOmmm^Ot<Om.^^^^^'^t^'Pti.<t^\nGa/ksf^^tz\t'^^ 
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tmmwmpA(o±m\zi^mLx.^vi^3ymzoiA\^^ir^m)(DiTom.mm 
3om<Dm^mmz. A\mt^^')t^i^A\^mmm^^ tmvim\zmf$.^^-^^'^o 

m-M^lESA-2IllLtcr^l?3P.*^2.^t£«3SEA^^^«>v^>)i20l^•^-m-MJ^PA 

i£ 3SE -r ^ * « ± i: I ^ < ^ o 

m2MZ7r^r^O\Z. GBAsmm^B&^7 0m-±mm\Z. nMCaAs/^V 

)i5,&l/pSAIGaInP^^'vK^6(JU±024#{^).AIGaAs<*;y^j:^^>VV3> 
li20(lU±ll26A(7)Xfl#PJ.St;m«li#^)l31t^f^GaAsli31'^ZCDlli 
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r1^iJ5£^*LTfcy.±iex«v^><^;«(::ct:i)GaAsx^:,5^>^(D7.K':/^)i^L-C^ 
^■ri,o Ctil::c}:y . GaAs^SI ' CD J^^iMtf^lx-v^^^f-T A<-e#^o ^LT. 

|Z.J:i,AIGaAs4>CDAI(7>S«^M^klCj.y.AlM1k!t^^±<*^t-^AI^$fe3^Ji11*^' 
ff^fi£^;K>i)or'ii:*^*>.X'y5^>y?^*^AI^<k!^}^J«(»J«i*^^''«P'5)o Al5^$fe^)i1 
1 (7) Jl^l*. 191^1^1 00nmJJi±200nmliiT«t$*L -So A|3^$£^)i1 1 

|*GaAs)S31 ' tmL. m-^IUKPA-CH*. /7-vv3>^20±<7)AI^$fe^P 1 1 dH 

^^fe^LMiArlKDT^jSti^XSfflm^l^-C.eOO^Cl^XiVSO-CKXTCiJ'J^liVO 
0°C)<D<S;ar%5«?)Sl±120ia-^mT(<9J^I*30*!>)<D^B#rp1(DS&^S^*te^oZ 
tll::«*:y>ITOm^li30ANbGaAsPlzinA<fi£^L.m^^^M31 (024) Aq# 
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>^')L.®3E(DX|Slz^.-rci;5lc^^fli^-;uK52^}^fi)c-r^^<!:l::cfcy^3tm^ 
300A^#t)tt-So 
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-So pSAIGaInP^7';/FM6(Dpiy K-z'^^hiiSli. 5 x 1 0^^/cm^V:i±1 x 1 

-15 db^ztA^-e^-So 

ii:;^;li:lz^^)^%tftmU24X±CtztftitmM^^^m3^^mMt^^^t. t^m 

mmmziil^xmmm^m3^^^^■thm^t(Dzm^)<Dm^^zxm^)iii^^^o 
zoo■^.'^^lz^sl^xlt.mmm'^m3^^mmrhn<D^Mt:±ct^il^(ox. 

(D 1^}^ fife «IJ^(3^{ll^-&<7«vv3>P20(Dft^)ig|il*AI^$fei^ 111 1t:a*PtL-r 
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.^^ ^ js, _ , - ^v. @a -e # (7) -e , ^ 3fe ^ ^ <^ ^ z -e # ^ o 

>h;im(DSSfflli.AIGaAs(::-r1iJ.KLfc>?^yv3>li20<!:I^C-efe^:*tc.flll(D 
M(*lll24CD^3fe*^^[^=^l:^«Re^^)o-<^«^^ITOmfil)i30<DJl£m^^. 
m^lJi-&li3 1^r^Jt^'i>trif)CDS&MSB#lZ.GaPJ:y4~^<7'Vva>Ml20ANib. 

-r7n>7^^>^/^yK9(D7^h'JV>f^7^-l^<*:i./^^-->'^^S^.Bl3A(7) 

^ZX. GaPj:y^c^/7«vv3>Pl 20tm^m^^31 <!:<7)rBllC, i5iJ;^(i*AIGaA 
scJ:ynj:'i)'J>^°*V'C7P(AI#^:n-^P)32^in'*iL-C*5<.»:.<7'yi/a»i20*Nf>I 
TOm®Ii30^(D'J>(Dl3£ff^^mfi^lct[P*iri>::<!:A^X'^. AIGaInP.fey 

AIGaAslC-ClifiE$tL-i>::<!:-e.fI^t^*F«T)a(l^20#^)i:LT(D^^t^fc1-, 
^ttJj. iJ>^P-v-^)l32i:m=lim^ll31 tCD^H-H^I*. 20nmJU±t-r^-^A^* 

M*Ll^o zomm^mxit. .j>^p^y<7S327!)<^-yv3>iii 2o^m3r.-cr^js 

$;h.'5-^.m^^-&P31li^29i:Pl^|:i/<^-->^'^^^«^^*^^'^31(D 
|^^^fi£^l|l^lC*5t^•rU>^P'V^^32<DSaP«Pl:^.^25fe^tM*lll28lC^t- 

UiS. m 24, m 27, m 29 J^t^H 30 IC^oLnTI*, GaP ^d:t^L AIGaAs ^^)tj:^Ov 
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ya»i 20.120 (Dy-isyy^mit.oivym e <Dy-i\:yv^m^^)^^<nm^^x 

L^-5,A<,::tL'b^r>3»i 20,120 (Dft+^y Ci.^rVavP 20.120 tmmm.<OW.^^m 
Lfc.GaP^J:L^LAIGaAscl:y^i:^mjft^3£f^ll^iSlt^C^^,-e#i>(m3S^^EifcPl*. 

XtiJ*L-rLN-g,oC(Dii^.pSAIGaInP<7^-yHli6CDll^t1^0. 6/.m)U±10 
|cJ:i,^i«(7)f^»AMS<t^<l:&(^^j:^^fc«),^(D»$t3l*pMAIGaI^P^7•>K^ 

20^fflt^TStl3|5iB^Ltc^iy.pl^AIGaInP>:77'vKl6lZiIfS^jte$1±i><!:M# 

«;®it-&Ji3l<!:pMAlGalnP^^^>Kli6^a)FB^l::s AIGaAscfcU^C^ + re^ 
M32^1BmL■rfe^o^L■C.Z^Dc^1F.1P32A^*'J>^P•V<7M(AI#%^«li)^ 
|^te-Ct^.S)o m®^^M31 l*lll29t[H|4$lC/'?^--><:^^tl, m«l^^)l31 0) 

g^r^fi&MllSl::fct^t^^F.^ll(U>^■p•y^g)32<7)S«MgPl::sB125fe^t^l*^2 
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> y / ^ K I a m m « @ I' -V ^ ^ ^ T ^j: u . 

fiiBm^t^^jH*. H^^^B7t-:>7'^'>':f/^>K<D^tT^Ille^^)^b'ij:^m-fIl|!^l^fc^l'^ 

20 

6. fiiB^<bi|^jiBJw=^pi*iToms)i-efcys fiifi^'yv3>M.»:miiBiTom^i 
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IBma^-^liA^ ln^#^LfcGaAs«i;y^j:i>C4»:^«t#^<!:-r'&li^ll9lBtt(Df§ 

1 1 . HUlB^^bil^SaJ'a^^lllilTOm^lll'efey s HiJlfi'>^VV3>M«!:HUlBlTO« 
- 15 a)i.!:(DFB^IC. fjlBlTOm^JiO>Jll^fei5t^M-r'&fcift<D«M^^li*^ i^ITO 

m^i^cim-r-sj^di^iBM^FH. 

HUlBm-S«M':7^-yKIiA^U>^#WLtc'J>#^'(b-&!|^¥S**:ji<!:^^s 
ou>(D^^^A<fiHB'J>#=&1b^i|^##<*P<i;y=t<&LN'J>::^p«y':7li^$Ht- 

1 2. MIBU>^P'>':7ll^fj:-rfilB':7>>v3>eA<U>^#=&L^i:tMb^!t^¥#<* 

cfc y -i) ^ <i: ^ 4# ^ «t -r ^ if ^ 31 1 1 1B m CD f§ 7t m T o 

13. filE'J>:?^P':/^jS^''d:-#'MIB^*:/v3>Pj5)^AiGaAs<i:y^i:i)::i:^!f*«S<h 
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3t IE Itl m m ^ En JlD -r -5 <fc 3 C: L f= ^ 3fe ^ ^ M Jt :^ 54 1 ^ *5 1 ^ r . 
5 t. 

^ 15 ^mW}mE.^f\i1ia-t^^ol::Lfz%t/tm^\ztil^X. 

> ^" / -? K ( c ii m ffl S M '7 -f A< m ^ ^ "C ^j: y s 

fl IB M 1 b 1^ iS m ^1 11 0) ^ *ji ^ M -5 fc (D ^ b ^ # « J; y ^ « ^5 
^HA^ i^M^b!^MB^miSliiclfr'5<i:^i3iBg^ti-C3tfy. 

m^^t:it-^m^mi^m^7)r^>'r^></m^m^mtLx. mT^^^-o^fmit^ 
17. fTtfiTt-OT^^-v^-^tj^si^gii. fisBm:i»«i!i<7^'>K)i<»:. mm-mm 

25 M^7->Kjl<DfiiBM1b!t^ilB^m^l)i<l'Jic^LriBa^;h,. 

H d; y <S L ^ K - / ^ > h ;m Jt ^ b ^ 1^ 4^ # ci; y ^j: ^ ^ V 3 > P <»: ^ ^ l» ^ 3S 
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-Sit ^lll 6lB«(Df§^^T-o 

19. HUH27tOT''f>y#J¥#**:Pli, H^A^O. e Urr^i>Ji±^0 um^momti 
C <!: ^ !t# ^ f i) If * il 1 9 15 « ^ ^ ^ T o 

« M P it (D ^ 1^ ® (:: t TI n , G a 1 _ , A s ( O < X ^ 1 ) -e -5 Z i: ^ ^ «*: -r -5 If 
10 ^lll 6l5t£a)fl?t^To 

^ iRl ( c iS ^ 7b> I c o ti ^ M ( M T t $ T L ^ -5 c ^ !^ ^ ^ -r -i) If * 
lll6aE®a)^pfe^^o 

^ ^ )i * <D K - / > h ;m ^ ^ fill IB > > ^ <I'J 4^ # P ^ y =t ii? < IS ^ L 
tcZi:^!^1t<!:-r'S>if ^^1 6lBma)^5fem^o 

20 25. MIBSfiim^lll*. fItB7^N>7^-f>'j7V^vK(0itT^J|lcX)^f)^i:-&l|-$il|lclc 
fcu ^ r Jl IS (7) II - M cfc y =t }^ fig ® m m A< /J ^ ^ L ^ - ^ !^ III -r ^ if * 3S 1 6 SB m 

26. MIBlg-'ml|lcl::MSB«a^^^S*^l^^m$HTL^^i:l^Z<!:^!^#^g[«i:^i)if* 

]S25SBfit<D^3tm^o 
25 27. Hflffi^'(b!|^ilBJ«MjlA^'lTOmiiS'efey> 
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I T o « ^ Ji I c ^ -r ^ <i: 3 (:: ie e ^ ;K -ojt y , 

25 pt^^o 

31. flIE7t<>7^^>^<|iJ#S{*Iil*.fIIfiB-»mM':77'>K)l<!:.l^m-«« 
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5 m=f-o 

^Il31IB«t(7)^3t*^o 

34. flSB4'FHlli3b<AIGaAsJ:y''d:^if ^^3 3lBm<D^?tel^To 

K 11 <!: (i M 'tf -g) 3S fife (D ^ b ^ 4^ # * I c J: y M IB U > P ^ If <!: L T « fife $ M 
SI] ^ b ^ ¥ * M <!: «=> y . IS M Bt] ^ b ^ it^ ¥ # If I z Hu le « 41 m ^ /S f ^ L r 

36. fIsSMS«Hb^!t^¥^tt:ji*^AIGaAs<i;y^j:'5)if *^35tBaa)^3tmTo 
20 37. HfrlHMSj<b^!l^¥#<*:jiA^ fIfEm = #ffim^7-y K^cfey *,<£tNK-/'?> 

38. |frIB7H>i^'f>^<|iJ¥#<*lil*. Jl^A^O. 6//mj;i±10|/m*j?S(7)HtIiB 
25 ^*Pi:Lr!^fi)c^H. ^l|-#mM'^^*>K)l<!:^-r^}f^TrfIlBU>^o«>^SA<iB 

m.-^^xi6.^:it^^i^t-r^m^^2sum(o%%m=^. 
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T 'Jj: ^ C <!: ^ !t# in -r ^ li 3}t IS 3 8 ( c le « CD ^ 7t ^ ^ o 

40. mum-mnm<7^^yh^mt<A\GainP^^ju^). 
m^&mitmmBMm^m^. mtimmm^mtmL. fj-^'Dmum-mmm<p^^y\^ 
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10 43. mt^immm^m^tit'^^^Fmi^^^t±m<i:^)t;i^c.t^nmtr^m^m 

44. msimtftm&^{tA\GainP\z^^j^m-mmm<?^^:f\^m. 7S\±mjSLXsm- 
mmm<7^y\^mi3^^<Dmm[zxmm^Jtifc^yj\^^'romjk^m-t^t<DtLx 

*i ^ H r L N -g) IS ^ II 4 2 IB « <D ^ 7t * o 

- 15 45. mt^mt^mmmmm(Dms&m^^mit.7f.>^^:y^'/i^yf(Dm.T$m 

46. ttis&m-mm<D±wi3mti^mmm'km<D$mfti^mt^ix. m^mm 
20 mi^(D±miztsL^xmnAmmmmt<mm^tixtj:h:zt^^WLt-r^tnntm45 

Lxm.m$mmR^o±mzisi^xms&A\^mmmiimm^^xtj:^zLti^ 
25 48. mtim-$%miz^i^xmtimm^^mt)Ut'^m^mi^:^it^mizxmf& 
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L 3tc L > <b ^ 4^ ¥ S cfc y <i: y , fl IB A I # ^ ^ If (D M IB ^ m M M <i m 

IS ^ ^ 4 9 IB « <D H 3fe ^ o 

52. fi5Biipt)i§Pi*. m-#«M^^«>K)i, ;si4]ist;m-««M'j7^'vKji 
- 15 m^^t.^it'^^^mwm^^-^^'fXfm^mwmtLx.myt^y^^^'^^mit'^ 

)t <!: ^ ^ L r y . IB m - )1 <D d/^ 'tf < <!: t M f B m - 11 <t (D ^ ^ # t: M llE ' J > 

^#^Lfc'J>#W<b^!|^#^<*)l<i:$tL. -fte^. fiiBlg-JiA^filB';>:?P'V'i7 

20 Ji<S:$tLf-^«!r^«^^<!:-r'5tS*Il49tBK<7)#l3t^To 

53. HfltBTtOT^-O^MliJ^***^)!!*. MIBII-SmM'^^'yKM.i:. ^m-#m 
M':7^«:;Kli(DfjfBITomaiH|iJlz}^L-CiEM^ti, fjlBII^#mii':7^^>Klf 

itmtji^mf&(oit'^^^mi!^i^<i^^Jmti*)>^^it^^^Fmi^mtLxmf&^^ 

54. mti<7''jiyB>mt<GaP^^)tii^:it^^mtr^%n^m53tim(Dmt/bm 
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57. muTniy-f-fXfm^mi^^mit. mt^m-mmm<7'y-^fmt. mm-mm 

58. tfjie<7»yv3>)l;b<AIGaAsJ^i'j>'j:'i)li^il5 7fBK(D^^^^o 

60. fIIH7t^>f''f>'^ffill#^<*lil*. I?^A^O. 6/.<mKJl±1 0//m^5IS(DHJl5B 
m-»lIS':7^'>KIi^=&L. i^m-#«M^^^vK)iA<BulB'J>#^<k^!^#» 
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61 . fIIB'J>^P^v^;i(*v HfrtBm^SmM^^*>K)lJ:y=fe,/N*>K^A'-i/::^x:f. 

xts:h:it^nwLt-t^m^^eoum(om%m=Fo 

62. frlBm-SmM-^^'^KMjb^AIGalnPcfcy^ty . 

25 MIB4^rBlllA<AlGaAscj;y'ii:'5)C,i:^^$^t<ht--i)if *I161 IBK(7)fg?tm^o 

63. mtfbmu^^\^tzit'^m^mi!^m<D(^-t6:<tt-y5(o±m.miz. M^^m 
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